This research uses the critical reflectance technique, a space-based remote sensing method, to 28 measure the spatial distribution of aerosol absorption properties over land. Choosing two regions 29 dominated by biomass burning aerosols, a series of sensitivity studies were undertaken to 30 analyze the potential limitations of this method for the type of aerosol to be encounterd in the 31 selected study areas, and to show that the retrieved results are relatively insensitive to 32 uncertainties in the assumptions used in the retrieval of smoke aerosol. The critical reflectance 33 technique is then applied to Moderate Resolution Imaging Spectrometer (MODIS) data to 34 retrieve the spectral aerosol single scattering albedo (SSA) in South African and South American 35 biomass burning events. The retrieved results were validated with collocated Aerosol Robotic 36 Network (AERONET) retrievals. One standard deviation of mean MODIS retrievals match 37 AERONET products to within ±0.03, the magnitude of the AERONET uncertainty. The overlap 38 of the two retrievals increases to 88%, allowing for measurement variance in the MODIS 39 retrievals as well. The ensemble average of MODIS-derived SSA for the Amazon forest station 40 is 0.92 at 670 nm, and 0.84-0.89 for the southern African savanna stations. The critical 41 reflectance technique allows evaluation of the spatial variability of SSA, and shows that SSA in 42 South America exhibits higher spatial variation than in South Africa. The accuracy of the 43 retrieved aerosol SSA from MODIS data indicates that this product can help to better understand 44 how aerosols affect the regional and global climate.
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Introduction
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). The importance of reflectance at the TOA that represents the crossing point between the fitted red line and the y=x 138 black line is by definition the critical reflectance. The intercept of the fitted red color line on the 139 y-axis is defined as the effective path radiance. Our radiative transfer simulations showed that 140 the effective path radiance is approximately 10 times the AOD difference between the clean day 141 and the polluted day. This result will be used later in the section describing the aerosol SSA -SBDART by Ricchiazzi, et al., 1998) . To better understand this application and assess the 150 quality of the aerosol SSA retrieval results, we developed a series of sensitivity tests and 151 validated the results with collocated AERONET measurements. In the following sections, we 152 show these tests and validation outcomes, discuss factors affecting the retrieval results, and 153 display SSA maps. 193 In addition, the data analysis shows that the ratio of its standard deviation of the real refractive The definition of critical reflectance assumes it to be AOD independent (Fraser & Kaufman, 206 1985, Figure 2 ). Nevertheless, a closer look at the crossing point shows that the simulated lines 207 cross each other in the neighborhood of one point, instead of exactly at that point (Kaufman, 208 1987), which implies that critical reflectance is weakly dependent on AOD. A sensitivity study to 209 determine the importance of this effect was performed. According to Fig. 5 , when AOD on the polluted day increases from 0.5 to 1.0 and AOD on the clean day remains as 0.1, the variation of 211 the critical reflectance is 0.01. This extreme case with the uncertainty of AOD between 0.5 to 1.0 212 leads to an SSA uncertainty of ±0.0125 (at SSA=0.8) and ±0.005 (at SSA=0.95), as in Fig.6 ., 213 which are both significantly smaller than the 0.03 uncertainty from AERONET. In reality, we 214 will have a much better handle on the AOD uncertainties and will significantly reduce these error The basic critical reflectance technique also assumes that the background aerosols in both clean 220 days and polluted days have the same SSA. However, this condition might not be satisfied. To 221 study how aerosol SSA variation affects the retrieval results, we assume that on the polluted day 222 aerosol SSA (at 0.67 µm) is 0.898 and AOD is 0.7, on the clean day AOD is 0.2 and SSA (on 223 clean day) varies from 0.986 to 0.824 as in column 2 of Table. 1. The results of a similar analysis 224 of SSA are also shown in used to study this issue. As shown in Fig.8 , in order to keep the deviation of MODIS SSA from 255 AERONET SSA below 0.03, the AOD difference needs to be greater than 0.2 to have a high 256 enough signal to noise ratio. 
272
The studied cases are selected based on evaluating MODIS RGB images, MODIS data, and
273
AERONET data to determine that: (1) cloud cover is minimal over the study areas on both the 274 clean day and polluted day, 16 days apart;
(2) MODIS DZA is less than 40 degrees; (3) these two 275 days have AOD difference (at 670 nm) greater than or equal to 0.2; and (4) AERONET has level 276 2 aerosol SSA retrievals available for the polluted day. All retrieval results are validated with 277 collocated AERONET retrieval products, and regional SSA maps are produced.
278
As discussed in section I, aerosol SSA can be retrieved from the critical reflectance 279 measurements performed with MODIS data as shown in Fig. 1, 2 , and 3. Next, as quality control, 280 we have removed cells bearing any of the following properties: (1) having negative critical 281 reflectance;
(2) SSA greater than 1 or smaller than 0; (3) an SSA uncertainty derived from robust 282 fitting (DuMouchel & O'Brien, 1989) greater than 0.03; (4) root mean square error (RMSE) greater than 0.006 between the data points and the fitting results; and (5) the effective path 284 radiance smaller than 0.02 (corresponding to an AOD difference greater than 0.2.
285
In addition, recent studies have shown that aerosol SSA varies with biomass burning stages and 286 the aerosol aging process (Abel et al., 2003; Zaveri et al., 2010) . Therefore, AERONET level 2 287 aerosol SSA measured at the closest time to the MODIS overpass time is used for the validation, 288 instead of the daily average. In these AERONET level 2 closest time SSA retrievals, the SZA is 289 in the range of 53 degrees to 76 degrees. We compare the AERONET SSA with the mean and 290 the standard deviation of our retrieved aerosol SSA. In order to calculate aerosol SSA variance 291 with less than nine samples, we apply a chi square distribution correction and set a confidence 292 interval of 50% (Bevington, 1969) . Aerosol SSA was retrieved by applying the algorithm described above, and the result was 305 compared with collocated AERONET measurements in South Africa and South America.
306
According to Fig. 9 , approximately one standard deviation (68% by only considering the mean; 307 88% by considering the mean and the variance) of all the studied cases satisfies the requirement 308 that the absolute difference between MODIS SSA and AERONET SSA is smaller than 0.03. AERONET uncertainty levels. Next, by expanding the studied areas, we produce regional 326 aerosol SSA maps, which have wide applications in climate modeling and radiative forcing 327 calculations. For example, Figure 10 and Figure 11 show aerosol SSA (at 470 nm) maps over 328 South Africa and South America. In addition, the means and the standard deviations 329 (representing the spatial variation) of aerosol SSA at 470, 550, and 670 nm over both regions are 330 listed in Table. 3. Again, these results also indicate that aerosol SSA has a larger spatial variation in South America than in South Africa, which is in consistent with the results from Fig.   332 9. The SSA map over the Amazon shows significant connection between the distribution of SSA 333 and AOD. Both results (AOD and SSA) show greater values in the northern part of the Amazon, 334 which is compatible with the particle properties and aerosol loading of forest smoke versus and 335 Cerrado smoke (Dubovik et al., 2002) . However, the power of the critical reflectance method is not in its ability to reproduce previous 364 point measurements or retrievals, either spatially (AERONET) or temporally (field experiments).
365
The true contribution of the critical reflectance method, demonstrated here, is to offer frequent 366 quantitative measures of spectral aerosol SSA over broad regions, and to capture the spatial and 367 temporal variability of this essential particle property.
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